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Stimulatory pathways of the Calcium-sensing receptor on acid
secretion in freshly isolated human gastric glands
Abstract
Gastric acid secretion is not only stimulated via the classical known neuronal and hormonal pathways
but also by the Ca(2+)-Sensing Receptor (CaSR) located at the basolateral membrane of the
acid-secretory gastric parietal cell. Stimulation of CaSR with divalent cations or the potent agonist
Gd(3+) leads to activation of the H(+)/K(+)-ATPase and subsequently to gastric acid secretion. Here we
investigated the intracellular mechanism(s) mediating the effects of the CaSR on H(+)/K(+)-ATPase
activity in freshly isolated human gastric glands. Inhibition of heterotrimeric G-proteins (G(i) and G(o))
with pertussis toxin during stimulation of the CaSR with Gd(3+) only partly reduced the observed
stimulatory effect. A similar effect was observed with the PLC inhibitor U73122. The reduction of the
H(+)/K(+)-ATPase activity measured after incubation of gastric glands with BAPTA-AM, a chelator of
intracellular Ca(2+), showed that intracellular Ca(2+) plays an important role in the signalling cascade.
TMB-8, a ER Ca(2+)store release inhibitor, prevented the stimulation of H(+)/K(+)-ATPase activity.
Also verapamil, an inhibitor of L-type Ca(2+)-channels reduced stimulation suggesting that both the
release of intracellular Ca(2+) from the ER as well as Ca(2+) influx into the cell are involved in
CaSR-mediated H(+)/K(+)-ATPase activation. Chelerythrine, a general inhibitor of protein kinase C,
and Go 6976 which selectively inhibits Ca(2+)-dependent PKC(alpha) and PKC(betaI)-isozymes
completely abolished the stimulatory effect of Gd(3+). In contrast, Ro 31-8220, a selective inhibitor of
the Ca(2+)-independent PKCepsilon and PKC-delta isoforms reduced the stimulatory effect of Gd(3+)
only about 60 %. On the other hand, activation of PKC with DOG led to an activation of
H(+)/K(+)-ATPase activity which was only about 60 % of the effect observed with Gd(3+). Incubation
of the parietal cells with PD 098059 to inhibit ERK1/2 MAP-kinases showed a significant reduction of
the Gd(3+) effect. Thus, in the human gastric parietal cell the CaSR is coupled to pertussis toxin
sensitive heterotrimeric G-Proteins and requires calcium to enhance the activity of the proton-pump.
PLC, ERK 1/2 MAP-kinases as well as Ca(2+) dependent and Ca(2+)-independent PKC isoforms are
part of the down-stream signalling cascade.
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Abstract
Gastric acid secretion is not only stimulated via the
classical known neuronal and hormonal pathways but
also by the Ca2+-Sensing Receptor (CaSR) located
at the basolateral membrane of the acid-secretory
gastric parietal cell. Stimulation of CaSR with divalent
cations or the potent agonist Gd3+ leads to activation
of the H+/K+-ATPase and subsequently to gastric acid
secretion. Here we investigated the intracellular
mechanism(s) mediating the effects of the CaSR on
H+/K+-ATPase activity in freshly isolated human gas-
tric glands. Inhibition of heterotrimeric G-proteins (Gi
and Go) with pertussis toxin during stimulation of the
CaSR with Gd3+ only partly reduced the observed
stimulatory effect. A similar effect was observed with
the PLC inhibitor U73122. The reduction of the H+/
K+-ATPase activity measured after incubation of gas-
tric glands with BAPTA-AM, a chelator of intracellular
Ca2+, showed that intracellular Ca2+ plays an impor-
tant role in the signalling cascade. TMB-8, a ER
Ca2+store release inhibitor, prevented the stimulation
of H+/K+-ATPase activity. Also verapamil, an inhibitor
of L-type Ca2+-channels reduced stimulation suggest-
ing that both the release of intracellular Ca2+ from the
ER as well as Ca2+ influx into the cell are involved in
CaSR-mediated H+/K+-ATPase activation. Chele-
rythrine, a general inhibitor of protein kinase C, and
Gö 6976 which selectively inhibits Ca2+-dependent
PKCα and PKCβI-isozymes completely abolished the
stimulatory effect of Gd3+. In contrast, Ro 31-8220, a
selective inhibitor of the Ca2+-independent PKCε and
PKC-δ isoforms reduced the stimulatory effect of Gd3+
only about 60 %. On the other hand, activation of
PKC with DOG led to an activation of H+/K+-ATPase
activity which was only about 60 % of the effect ob-
served with Gd3+. Incubation of the parietal cells with
PD 098059 to inhibit ERK1/2 MAP-kinases showed a
significant reduction of the Gd3+ effect. Thus, in the
human gastric parietal cell the CaSR is coupled to
pertussis toxin sensitive heterotrimeric G-Proteins and
requires calcium to enhance the activity of the pro-
ton-pump. PLC, ERK 1/2 MAP-kinases as well as Ca2+
dependent and Ca2+-independent PKC isoforms are
part of the down-stream signalling cascade.
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Introduction
Stimulation of gastric acid secretion from parietal
cells occurs after stimulation of a variety of neurotrans-
mitter or hormone receptors such as for acetyl choline or
histamine [1]. These receptors couple intracellularly to
small G-proteins and activate multiple signal pathways
including increases in intracellular Ca2+ and cAMP lev-
els, activation of protein kinase C and ERK1/2 MAPK
kinases [2].
In addition to these classic receptors, we and others
have recently shown that the Calcium-sensing receptor
(CaSR) is expressed in stomach and is also localized in
acid-secretory parietal cells [3, 4]. In these cells, activa-
tion of the CaSR with Ca2+ or the trivalent cation Gado-
linium (Gd3+) stimulates H+/K+-ATPase activity in the
presence or absence of other stimuli [4, 5]. Moreover,
activation of the CaSR leads to a rapid increase in intra-
cellular Ca2+ concentrations in rat and human parietal cells
[3-5]. Thus, the gastric parietal cell possesses a func-
tionally active CaSR that is able to modulate H+/K+-
ATPase activity and gastric acid secretion.
Experiments with a number of CaSR transfected
cell lines as well as with native tissues and cells express-
ing the CaSR endogenously have defined several intra-
cellular signal cascades and molecules regulated by CaSR
activation including heterotrimeric G-proteins, PLC, PLA,
intracellular Ca2+, protein kinases A and C, ERK1/2
kinases, and HETE [6, 7]. Thus, from these experiments
it has become apparent that CaSR is linked to several
distinct signal pathways in a cell and tissue specific man-
ner which makes it necessary to examine these path-
ways in a cell-specific manner. Moreover, CaSR may
even be coupled to distinct cascades in the same cell [7].
Therefore, to further understand the role of CaSR in the
regulation of H+/K+-ATPase activity in gastric parietal
cells, we investigated the signal cascade involved in the
stimulatory effect of CaSR on H+/K+-ATPase activity.
We used the previously characterized freshly isolated
human gastric glands preparation and monitored changes
in Na+-independent pHi-recovery rates (i.e. alkaliniza-
tion rates) as a measure of H+/K+-ATPase activity [4].
Our results show that the CaSR is coupled at least
in part to pertussis toxin-sensitive small G-Proteins. Stimu-
lation of H+/K+-ATPase activity by the CaSR requires
intact PLC, ERK1/2 MAP-kinases, and Ca2+-dependent
and –independent PKC isoforms.
Materials and Methods
Patients
Over a period of 10 months, samples of gastric tissue
were obtained from a total of 48 patients. Patients underwent
Roux-en-Y gastric bypass operation for morbid obesity [8] and
small samples of gastric tissue (including mucosal and muscle
layers) from the gastrojejunal anastomosis were collected. The
gastric tissue originated from the fundus of the stomach. Sam-
ples were collected from 11 male and 31 female patients. Male
patients had an average age of 43.2 ± 2.86 years with an aver-
age body mass index (BMI) of 42.8 ± 2.37. Female patients were
41.3 ± 1.44 years old and had a BMI of 46.7 ± 1.22. Drugs
altering gastric acid secretion (proton pump inhibitors, H2-
receptor antagonists) were discontinued one week prior to
surgery.
Informed consent was obtained from all patients and the
study was approved by the local Ethic committee.
Isolation of gastric glands, digital imaging for intracel-
lular pH
Gastric tissue was stored for transport in ice-cold MEM
solution (Gibco, Langley, OK, USA). The tissue was then trans-
ferred to the stage of a dissecting microscope and sliced into
0.5 cm square sections. Individual glands were isolated using a
hand dissection technique as described previously [4, 9] at a
temperature of about 4°C. After isolation, the glands were trans-
ferred to coverslips precoated with the bioadhesive Cell-Tak
(BD Cell-Tak Cell and Tissue Adhesion, BD Biosciences) and
then mounted in a thermostatically controlled chamber main-
tained at 37°C on an inverted microscope (Zeiss Axiovert 200)
equipped with an video imaging system for the duration of the
experiment. Isolated gastric glands were loaded with 10 µM of
the pH-sensitive dye 2’,7’-bis (2-carboxyethyl)-5-(and 6)-
carboxyfluorescein aceto-methyl ester (BCECF-AM) (Molecu-
lar Probes, Eugene, OR) for 10 min in a low Calcium HEPES-
buffered Ringer solution (125 mM NaCl, 5 mM KCl, 0.1 mM
CaCl2, 32.2mM HEPES, and 5 mM glucose, pH 7.4) at 37°C.
After loading, the chamber was flushed with HEPES-buffered
Ringer solution to remove non de-esterfied dye. Measurements
were performed in the epifluorescence mode with an 40x / 1.30
oil objective on an inverted microscope. BCECF was succes-
sively excited at 440 nm and 495 nm from a monochromator
light source, the resultant fluorescent signal was monitored at
535 nm using an intensified charge-coupled device camera.
Data points were acquired every 7 s. The resulting 495/440
intensity ratio data were converted to intracellular pH (pHi)
values using the high K+/Nigericin calibration technique [10].
Over the pH range of 6.3 - 7.8, fluorescence varied in a linear
fashion with extracellular pH. Data were expressed as pH/min.
Acid extrusion was monitored in the absence of bicarbonate as
the rate of intracellular alkalinization using the NH4Cl-prepulse
technique (6), which caused a reproducible and sustained in-
tracellular acidification. Alkalinization rates (pHi /min) were used
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for the calculation of Na+-independent pHi recovery (H
+,K+-
ATPase activity). Except for TMB-8, Gö6976, and Ro312880
(Calbiochem) all other chemicals used were obtained from Sigma
and Molecular Probes. Activation of acid secretion via the CaSR
using Gadolinium was induced by a preincubation of the glands
for 10 min before the experiment combined with BCECF load-
ing. The amount of calcium contained in all solutions was re-
duced to a minimum (100 µM). All data are summarized as mean
± S.E. and were analyzed by grouping measurements at base-
line values and during experimental periods. Significance was
determined using the one-way ANOVA test with p < 0.05 con-
sidered to be statistically significant.
Results
The CaSR is stimulated by Gadolinium and is
coupled to PTX-sensitive heterotrimeric G-Pro-
teins
In the first series of experiments we performed in-
tracellular pH-measurements in single parietal cells within
Table 1. Summary of intracellu-
lar pH measurements. Data are
provided as mean ± SEM. The
number of single cells, glands,
and patients is also given. *
marks data significantly different
from control, # marks data signifi-
cantly different from gadolinium
treated glands in the absence of
any inhibitor. The number of cells,
glands and patients is given.
freshly isolated human gastric glands under control con-
ditions with and without stimulation of the Calcium-Sens-
ing Receptor (CaSR) with Gd3+ (100 M). All experiments
were performed in the presence of low extracellular cati-
ons (100 µM Ca2+, 0 Mg2+) in order to keep basal CaSR
activity low. In the absence of any secretagogue stimula-
tion only a low rate of intracellular pHi alkalinization was
observed (0.021 ± 0.001 pH units/min). When glands were
preincubated with Gd3+ (100 µM) the rate of Na+-inde-
pendent pHi alkalinization increased to 0.074 ± 0.004 (Fig-
ure 1). We have previously shown in the same prepara-
tion that this increased rate of pHi-alkalinization is solely
due to H+/K+-ATPase activity and completely abolished
in the presence of its specific inhibitor omeprazole [4, 5].
Therefore, we used the rate of pHi recovery to monitor
activation of the CaSR and H+/K+-ATPase activity and
to test the involvement of several pathways known to be
activated by the CaSR in other cells and described previ-
ously to act on H+/K+-ATPase activity.
Previous studies on CaSR signalling in transfected
Stimulatory Pathways of the CaSR Cell Physiol Biochem 2007;19:33-42
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and native cells demonstrated its coupling to heterotrimeric
G-Proteins [6, 7, 11]. Therefore, we tested the involve-
ment of pertussis toxin (PTX) sensitive heterotrimeric
G-proteins. Preincubation of isolated gastric glands with
PTX (200 ng/ml) for 10 min prior to the experiments abol-
ished the stimulatory effect of Gd3+ to a large extent (0.030
Fig. 2. The CaSR is coupled to heterotrimeric G-Proteins and
requires PLC activity. (A) Incubation of gastric glands with
pertussis toxin (PTX, 200 ng/ml) to inhibit G-proteins (Gα0/Gαi-
subunits) reduced the stimulatory effect of Gd3+ almost com-
pletely. In control glands PTX also reduced the basal pHi-re-
covery rate. (B) Incubation of gastric glands with the PLC in-
hibitor U73122 (10 µM) decreased the stimulatory effect of Gd3+
on pHi-recovery by about 50 %. * marks significant difference
between control and respective treatment, # marks differences
between Gd3+ alone and pharmacological treatment.
± 0.002 pH units/min) (Figure 2A). Incubation of gastric
glands with PTX without CaSR stimulation reduced the
basal pHi-recovery rate even further (0.01 ± 0.0006 pH
units/min). Thus, the CaSR acts at least in part via PTX-
sensitive heterotrimeric G-proteins (Go/Gi).
Fig. 1. Gadolinium is a potent stimulator of the CaSR. Single
human gastric glands were isolated, loaded with the pH-sensi-
tive dye BCECF to measure intracellular pH over single parietal
cells and the pHi recovery rate was calculated from the slope
after an acid load using the NH4Cl prepulse technique as de-
scribed previously [4, 5, 9]. (A) Original tracing of an intracellu-
lar pH measurement under control conditions with low extra-
cellular divalent cations (100 µM Ca2+, 0 Mg2+). (B) Original
tracing of an intracellular pH measurement in the presence of
the potent CaSR-stimulator Gadolinium (Gd3+, 100 µM). (C) Bar
graph, summarizing the data as mean ± SEM. marks signifi-
cantly different from control.
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Fig. 3. Ca2+ takes part
in the signalling cas-
cade of the CaSR. (A)
Chelation of intracel-
lular Ca2+ with
BAPTA-AM (50 μM),
greatly reduced the
stimulatory effect of
Gd3+ on the intracellu-
lar pH recovery rate.
(B) TMB-8 (400 μM)
blocking the release of
Ca2+ from the ER, com-
pletely inhibited the
stimulatory effect of
Gd3+ without affecting
the basal alkaliniza-
tion rate. (C) Verapamil
(Vera, 20 μM), to block
membrane Ca2+- chan-
nels, showed a clear
reduction in the effect
of Gd3+. (D) Incubation
of gastric glands with
verapamil (20 μM) and
TMB-8 (400 μM) to-
gether completely
abolished the effect of
Gd3+ on pHi recovery.
* marks significant
difference between control and respective treatment, # marks differences between Gd3+ alone and pharmacological treatment.
The CaSR acts via phospholipase C
It has been shown in other tissues that the CaSR
stimulates phospholipase C (PLC) activity [7]. Isolated
gastric glands were preincubated for 10 min with U73122
(10 μM) to inhibit PLC. The stimulatory effect of Gado-
linium was almost completely prevented by the PLC in-
hibitor (0.031 ± 0.002 pH units/min). Similar to the obser-
vations with PTX, PLC inhibition also reduced the basal
pHi-recovery rate in the absence of Gd
3+ (0.014 ± 0.012
pH units/min) (Figure 2B).
Activation of the gastric proton pump is Ca2+ de-
pendent
Stimulation of CaSR in freshly isolated rat and hu-
man gastric glands has been shown to increase intracel-
lular Ca2+- concentrations [3-5]. Thus, we investigated
the role of intracellular Ca2+ in the stimulatory effect of
CaSR activation on pHi-recovery/ H
+/K+-ATPase activ-
ity. After chelation of intracellular Ca2+ with BAPTA-AM
(50 μM), the effect of Gd3+ was reduced by about 60 %
(0.035 ± 0.002) (Figure 3A). We used several inhibitors
to examine the source of Ca2+. To examine if release of
Ca2+ from ER stores is involved, we blocked the Ca2+-
release from the ER with TMB-8 (400 μM), which caused
a reduction in the Gd3+-induced alkalinization rate almost
to control levels (0.028 ± 0.002 pH units/min) (Figure
3B). Further experiments with verapamil (Vera., 20 μM)
to block Ca2+-influx from the extracellular space caused
a complete inhibition of the stimulated pHi-recovery rate
(0.036 ± 0.004 pH units/min) (Figure 3C). Treatment of
gastric glands with verapamil or TMB-8 alone had no
effect on the basal pHi-recovery rates (verapamil: 0.021
± 0.002 pH units/min; TMB-8: 0.023 ± 0.003 pH units/
min). Treatment of the cells with both inhibitors TMB-8
and verapamil together completely prevented the stimu-
latory effect of Gadolinium (0.019 ± 0.003 pH units/min)
(Figure 3D). Thus, stimulation of the CaSR induces a
rise in intracellular Ca2+ which is essential for mediating
the stimulatory effect on H+/K+-ATPase activity. The rise
in intracellular Ca2+ is most likely caused by both release
Stimulatory Pathways of the CaSR Cell Physiol Biochem 2007;19:33-42
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from the ER and may also involve influx from the extra-
cellular medium.
Different Protein kinase C isoforms are involved
in the down-stream signal
Gastric parietal cells express different protein ki-
nase C (PKC) isoforms which belong to three distinct
subfamilies [12-14]. Among them, the Ca2+-dependent
PKC- and the Ca2+-independent PKC- isoforms were
detected in rabbit parietal cells on protein level [12-14].
Incubation of parietal cells with chelerythrine (1µM), a
pan-PKC inhibitor, resulted in a significant reduction of
the H+/K+-ATPase activity despite stimulation of the
Calcium-Sensing receptor with Gadolinium (0.022 ± 0.003
pH units/min) (Figure 4A). Activation of PKC with DOG
(1 µM) showed a stimulatory effect which was, how-
ever, only about 60 % of the effect observed with Gd3+
(0.045 ± 0.003 pH units/min) (Figure 4B). Next, we tested
the involvement of the Ca2+-dependent (PKC-α) and
Ca2+-independent (PKC-ε) PKC isoforms. Incubation
with Gö 6976 (1 μM), an inhibitor of Ca2+-dependent PKC
isoforms PKC-α, PKC-β1, completely abolished the
stimulatory effect of Gadolinium (0.018 ± 0.002 pH units/
min) (Figure 4C). Ro-31-2880 (1 μM), an inhibitor of Ca2+-
independent PKCδ-and PKC-ε isoforms attenuated the
stimulatory effect only partially (0.040 ± 0.004 pH units/
min). Moreover, combination of Ro-31-2880 with the PLC
inhibitor U73122 completely abolished the effect of Gd3+
on H+,K+.ATPase acrivity (0.016 ± 0.002 pH units/ min)
(Figure 4D). All PKC inhibitors applied alone had no ef-
fect on basal pHi-recovery rates (chelerythrine: 0.014 ±
0.001 pH units/min, 189 cells, 6 glands, 3 patients); Gö
6976: 0.028 ± 0.003 pH units/min); Ro-31-2880: (0.016 ±
0.001 pH units/min).
ERK1/2 -MAP-kinases take part in the signal-
ling cascade of the CaSR
Activation of the CaSR has been shown to increase
also ERK1/2 MAP-kinase activity [6, 7] and ERK1/2
activity is increased during ACh induced gastric acid se-
Fig. 4. Ca2+ -
dependent and -
independent PKC
isoforms contri-
bute to the stimu-
latory effect of the
CaSR. (A) Chele-
rythrine (1 µM), a
general PKC inhi-
bitor, showed a
significant redu-
ction in the pHi
recovery rate du-
ring stimulation of
the CaSR with
Gd3+. (B) Similarly,
activation of pro-
tein kinase C with
DOG (1 µM) sho-
wed a stimulatory
effect which was,
however, only
about 60 % of the
effect observed
with Gd3+. (C)
Blockade of the
Ca 2+-dependent
PKC isoforms
PKC- and PKC-1 with Gö 6976 (1 μM) completely prevented the effect of Gd3+. (D) In contrast, inhibition of the Ca2+-independent
PKC isoforms PKC- and PKC- with Ro-31-2880 (1 μM) reduced the stimulatory effect of Gd3+ by about 60 %. * marks significant
difference between control and respective treatment, # marks differences between Gd3+ alone and pharmacological treatment.
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Fig. 5. ERK1/2 MAP-kinases participate in the signalling cas-
cade of the CaSR. (A) PD098059 (20 µM) which specifically
inhibits ERK1/2 MAP-kinases completely prevented the stimu-
latory effect of Gd3+. (B) In contrast, incubation of gastric glands
with wortmannin to inhibit PI-3-Kinase was without effect on
the stimulation by Gd3+ and did not alter basal pHi-recovery
rates. * marks significant difference between control and re-
spective treatment, # marks differences between Gd3+ alone and
pharmacological treatment.
cretion [15]. PD098059 (20 µM) which inhibits specifi-
cally ERK1/2 MAP-kinases completely prevented the
stimulatory effect of Gd3+ (0.020 ± 0.001 pH units/min).
PD098059 alone had no effect on pHi-recovery rates
(0.018 ± 0.001 pH units/min) (Figure 5A).
Activation of the gastric H+/K+-ATPase by the
CaSR is PI-3-Kinase independent
Incubation of gastric parietal cells with wortmannin,
a specific inhibitor of PI-3-kinases, did not show a sig-
nificant reduction of H+/K+-ATPase activity (0.079 ± 0.004
pH units/min. Treatment of parietal cells with the inhibi-
tor alone had also no effect on the rate of alkalinization
(0.03 ± 0.001 pH units/min, (Figure 5C).
Discussion
Regulation of gastric acid secretion involves a com-
plex system of receptors, intracellular signal cascades,
and effector proteins involved in trafficking and fusion of
H+/K+-ATPase containing vesicles or stimulation of ion
channels [2]. Past work has gathered much information
about the processes regulated by receptors for histamine,
gastrin or acetyl choline, the so called “main substances”
mediating the stimulation of gastric acid secretion [2].
More recent studies have shown that in addition to these
well described receptors a Calcium-Sensing Receptor has
been identified and is active in acid-secretory parietal cells
[3-5]. Parietal cells express a CaSR on their basolateral
side which when stimulated by divalent (Ca2+) or triva-
lent cations (Gd3+) results in an increase in intracellular
Ca2+ and stimulated acid secretion [3-5]. Furthermore,
activation of the CaSR leads to a stimulation of H+/K+-
ATPase activity in freshly isolated rat and human gastric
glands in the absence and presence of other stimuli such
as histamine [4,5]. The physiological role of the CaSR
mediated increase in gastric acid secretion has not been
fully clarified to date. However, it has been shown that
L-amino acids allosterically increase the affinity of diva-
lent cations to the receptor [16, 17]. Protein-rich meals,
in turn, stimulate gastric acid-secretion. Furthermore,
systemic calcium balance is tightly linked to gastric acid-
secretion, but the molecular link has not been fully estab-
lished.
In the present study we examined the intracellular
signalling cascade mediating the stimulatory effect(s) of
the CaSR on H+/K+-ATPase activity in freshly isolated
human gastric glands. We have previously shown that
this preparation contains a functional CaSR and that pa-
rietal cells are viable and contain an omeprazole-sensi-
tive and histamine stimulated H+/K+-ATPase [4].
The data presented here demonstrate that CaSR
exerts its stimulatory effects on H+/K+-ATPase activity
via a complex secretory intracellular cascade (see model
in Figure 6) that involves pertussis-toxin sensitive
heterotrimeric G-proteins Go and/or Gi. These G proteins
Stimulatory Pathways of the CaSR
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inhibit adenylate cyclases and reduce cAMP levels. In
fact in rat colon crypts activation of CaSR reduces intra-
cellular levels of cAMP and cGMP by stimulating their
break-down by phosphodiesterases [18]. However, in our
experiments PTX did not fully abolish the stimulation of
H+/K+-ATPase activity suggesting that other G-proteins
may also be involved. This observation is in agreement
with a number of studies showing that CaSR can couple
to PTX-sensitive and insensitive heterotrimeric G-pro-
teins in different cells [6, 7, 11]. Secondly, the CaSR stimu-
lation requires an intact PLC activity and several Ca2+-
dependent and –independent protein kinase C isoforms.
The involvement of similar PKC isoforms in basal and
ACh stimulated acid-secretion has recently been de-
scribed in a parietal cell culture model [12, 14]. The role
of PKC is further corroborated by the fact that DOG, an
activator of PKC, mimics the stimulatory effect of CaSR
activation and that CaSR has been shown to signal via
PKC in other cells [7, 11].
Activation of CaSR leads also to a rapid rise in in-
tracellular Ca2+ in rat and human gastric parietal cells [3-
5]. Thus, we further investigated the role and source of
this intracellular Ca2+ rise. First, chelation of intracellular
Ca2+ with BAPTA completely abolished the stimulatory
effect of CaSR activation indicating that the rise in [Ca2+]i
plays an important role either in activating down-stream
signals such as Ca2+-dependent PKC isoforms or may
also play a role in other Ca2+-dependent processes such
as vesicle fusion and insertion of H+/K+-ATPases into
the membrane [1, 2]. Moreover, the data suggest that
Ca2+ may be released from the ER and might also enter
the cell via verapamil-sensitive L-type Ca2+-channels.
TMB-8, a blocker of ER Ca2+-releasing channels pre-
vented the CaSR induced stimulation of H+/K+-ATPase
activity. In the case of verapamil, the direct inhibitory
interaction of verapamil with the H+/K+-ATPase, several
intracellular enzymes and accumulation in the membrane
has been described [19-21]. Thus, we cannot rule out
that the effect of verapamil on the stimulatory action of
the CaSR could be unspecific and does not involve direct
inhibition of Ca2+-channels. Moreover, the contribution
of Ca2+ influx from the extracellular space to the regula-
tion of H+/K+-ATPases has been described as being mi-
nor compared to the release from ER stores and the fact
that TMB-8 fully prevented the stimulatory effect of
CaSR activation is in agreement with this earlier obser-
vation [22].
In addition to PKC and intracellular Ca2+, we also
found evidence for the involvement of ERK1/2 MAP-
kinases in the CaSR mediated stimulation of H+/K+-AT-
Pase activity. ERK1/2-kinases have been shown to be
activated by the CaSR in other tissues [6] and mediate at
Fig. 6. Model of the
stimulatory effect of the
CaSR on H+,K+-ATPase
activity in gastric parietal
cells. Proposed scheme
for CaSR induced stimu-
lation of H+,K+-ATPase
activity in gastric parietal
cells. See discussion for
details.
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